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Abstract—In the last few years, sustainability has become one
of the priority lines for many companies and organizations,
especially public administrations. This trend has been even
more evident in some regions where the preservation of
natural resources is of utmost importance, not only from an
environmental perspective, but also from an economic one. In
this context, technology has become one of the key factors to
achieve sustainability goals. An example of these technologies
are Unmanned Aerial Vehicles (UAVs) which are being used
more and more with sustainability purposes. However, although
some efforts have been made to propose software approaches to
model sustainability, some examples that model the impact of
technology on sustainability are still needed. This paper presents
an instance of a sustainability metamodel for the UAVs domain.
This model allows to specify the impact of UAV-based processes
on sustainability, and also to identify potential limitations that
may hinder its applicability. Finally, the paper provides some
suggestions to complete the metamodel based on the instantiation
process.
I. INTRODUCTION
Sustainability has become one of the priority lines of many
public administrations and governments roadmaps. Indeed,
sustainability goals are present in many political campaigns,
governmental programs and global meetings. Such interest
on sustainability spreads across countries and at a national
level is being promoted with dedicated funds for innovation
and development in a wide range of areas. For example, in
regions where the main economic resource comes from cattle
raising, agriculture and forest protection, special programs are
being launched to foster sustainability through a better use of
resources. A frequent common factor in these programs is the
use of new technologies to achieve the goals proposed.
An example of these new technologies is the utilization of
UAVs (Unmanned Aerial Vehicles, also known as drones).
UAVs are being used in more and more contexts and
domains due to the wide range of direct usages they provide.
Examples of these application domains are security, sports,
publicity, tourism or military defence. More recently, UAVs
are also highly and successfully used to support environmental
sustainability, such as cattle raising1, precision agriculture
[1], control of PV plants [2], forests protection against
fires [3], [4], [5], and oceans exploration [6]. Another
interest area of application is social aspects related to
1Locating cattle with unmanned aerial vehicles, http://www.csiro.au/
en/Research/AF/Areas/Animal-Science/Precision-livestock-management/
Locating-cattle
sustainability, such as rescue in catastrophes [7] or medical
support2. UAVs provide important benefits in these domains
mainly due to their energetic efficiency, their reduced carbon
footprint and their decreasing cost, when compared to the
alternatives more commonly used [8], [9]. This is why many
of the aforementioned organizations and administrations are
considering the use of these small vehicles to modernize
some traditional services they provide or even offering new
and innovative ones that may help to achieve important
sustainability goals345.
The incorporation of this new technology in those processes,
requires approaches able to specify and quantify (by means
of indicators and metrics) the real benefits. In the last few
years there has been a trend in the software engineering
community to consider sustainability as a first class citizen
in the development of software. The result is the number
of approaches that have emerged to model the concepts
related to sustainability [10], [11], [12]. Most of the modeling
approaches focus on the specification of sustainability-related
concepts at the very beginning of the development process, in
requirements engineering stages [13]. However, advances in
techniques to measure the energy spent in running software,
identifying the more energy-consuming pieces and apply
refactorings to substitute those pieces with more energy
efficient ones is also a current trend in research [14], [15],
[16].
This paper takes one of these particular approaches
to model sustainability and specifies the benefits, and
drawbacks, of using UAVs to support some environmental
related issues addressed by organizations, particularly public
administrations. To this purpose, we use the metamodel
introduced in [10] to build a model that details how activities
performed with UAVs may impact on the sustainability of the
environment. Moreover, the instantiation of this metamodel
is also helpful for the evaluation of its utility. Hence, the
contributions of this paper are the next:
1) present a new instantiation of the aforementioned
2Google Patent: http://goo.gl/NmXc5F
3Tanzania anti-poaching initiative, http://africageographic.com/blog/
tanzania-use-drones-new-anti-poaching-initiative/
4Extremadura Drone Territory Event, http://cicytex.gobex.es/es/eventos/51/
territorio-dron-extremadura
5Civil UAVs initiative in Galicia, http://gain.xunta.es/artigos/466/civil+
uavs+initiative
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metamodel in a domain where it had not yet been
applied;
2) provide suggestions to improve the metamodel
according to the experience of generating that new
instantiation;
3) offer a model describing the benefits of using UAVs,
clearly specifying their limitations (e.g., those due to the
strict aerial regulations, that could hinder their use), that
can be used by managers to support decisions related
with adapting some of their organizational processes.
The rest of this paper is organized as follows. Section
2 presents the background needed to make the paper
self-contained. Section 3 introduces a running example that
will be used to motivate the work. Section 4 presents the new
instantiation of the sustainability metamodel for the UAVs
domain. Finally, section 5 and 6 presents related work and
concludes the paper, respectively.
II. BACKGROUND
This section provides an introduction to the main topics
involved in this work. It starts with an introduction to
sustainability in software engineering (sub-section 2.1), then
offers an overview of the metamodel that will be instantiated
in this work (sub-section 2.2) and, finally, briefly introduces
UAVs and their supporting technology (sub-section 2.3).
A. Sustainability in Software Engineering
In the few last years, the software engineering community
has made an important effort to introduce sustainability as
a primary focus on software development [17], [18], [19],
[20]. Therefore, it is not surprising that several definitions
of sustainability have been recently provided, some of them
collected in [21], where for example, software sustainability
is defined as a composite, non-functional requirement which
is a measure of a system’s extensibility, interoperability,
maintainability, portability, reusability, scalability, and
usability [21]. The Software Sustainability Institute claims
that sustainability means that the software you use today will
be available — and continue to be improved and supported
— in the future [21]. Naumann et al. distinguish between
sustainable software and sustainable development. While
sustainable software is defined as software, whose direct and
indirect negative impacts on economy, society, human beings,
and environment that result from development, deployment,
and usage of the software are minimal and/or which has
a positive effect on sustainable development, sustainable
software development is defined as the art of developing
sustainable software with a sustainable software engineering
process so that negative and positive impacts result in and/or
are expected to result from the software product over its
whole life cycle are continuously assessed, documented, and
used for further optimization of the software [22].
There are several categorizations of sustainability. The
United Nations defined a set of ten themes ranging from
economic to social aspects of sustainability [23]. Goodlan also
provided a categorization for general sustainability based on
four different dimensions: individual, social, economic and
environment [24]. The latter three were also defined as themes
by the United Nations. However, as it was claimed in [10], an
additional category related to technology is needed in order to
consider sustainability in software systems so that they added
one dimension to those considered by Goodlan. In this work,
we also consider these five dimensions, defined as follows:
• Individual sustainability. Refers to private goods and
individual human capital.
• Social sustainability. Relates to societal communities
(mainly based on solidarity).
• Economic sustainability. Refers to assets, capital and, in
general, added value achieved by the improvement of
sustainability in a particular context.
• Environmental sustainability. Includes those activities
performed to improve human welfare by protecting
natural resources.
• Technical sustainability. Relates to the long-time usage of
software systems and their adequate evolution over time.
B. Penzenstadler and Femmer’s metamodel
In [10], the authors introduced a metamodel for
sustainability that allows its instantiation for specific company
processes or products. Fig. 1 depicts this metamodel, which is
based on the definition of six different entities representing the
main concepts involved in the specification of sustainability
for specific processes. The metaclasses modelled are the
following:
• Goal: represents the main objective that an instantiated
model would be defined for. A goal may be composed by
different related dimensions. In our case, the main goal
will be “Sustainability”.
• Dimension: represents the different aspects or viewpoints
related to sustainability. The authors consider the five
dimensions mentioned in previous section. A dimension
influences other dimensions (sometimes in a conflicting
way) and usually has a set of values related.
• Value: represents an intention related to the dimension
being defined. This intention is usually perceived as a
goal to be accomplished that may contribute to that
dimension. An example of value could be “Reduce
resource consumption by 30% within 12 months”. A
value may also have subvalues.
• Indicator: denotes a qualitative or quantitative metric to
express the degree of fulfillment of a particular value.
In other words, indicators approximate the value that is
related to. Examples of these indicators are satisfaction
indexes or carbon emissions.
• Regulation: denotes legal issues or restrictions that
may affect the processes defined by the model.
Examples include the emission regulations established
by the European Union. These regulations support
the achievement of the values and also influence the
indicators.
• Activity: represents an action performed to contribute to
a value related to a dimension and, thus, influences on
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Fig. 1. Metamodel for sustainability presented in [10]
Fig. 2. Generic model for sustainability presented in [10]
the indicators. An activity may be composed of other
subactivities. A concrete example could be “Establish
incentives for less resource consumption”.
Based on this metamodel, the authors instantiated a generic
model that may be reused when considering sustainability
in different contexts (both company and product-specific
domains). This model is illustrated in Fig. 2. This model
contains the five aforementioned dimensions related to
sustainability and different values and activities that may
recurrently appear in instantiations for several domains.
C. UAVs
According to the UK UAVs Association, UAVs may be
defined as a reusable aerial vehicle that is capable of operating
without an internal pilot, is tethered by a radio control link, and
can be preprogrammed for both flight and payload operations
prior to launch [25]. There are several types of UAVs each one
with many different purposes and different sizes, weights or
hardware configurations. However, one of the types that have
contributed more to the wide extension of this technology is
the multicopter, characterized by being able to take off and on
from a static position.
From a technological perspective, this type of UAVs are
usually composed by the following set of hardware and
software components [26]:
• RC Transmitter: this component allows the pilot to
remotely control the device. This component may not be
required for some UAVs that perform autonomous flights.
• Multi-rotor frame: this refers to the hardware chassis
that is used to support the placement of the rest of
components and connect them. It also contains the arms
for the airscrew and motors. The number of arms may
range from three (tricopter) to eight (octocopter) or more.
• Motors/Speed controller: motors highly influence the
device’s weight. Usually they should be all of the same
type in order to supply the same power. However, they
may provide different speeds to the airscrews that are
controlled by the speed controller.
• Flight controller/AutoPilot: this component is
responsible for controlling each motor so that the
device may be stabilized in a flight. It is also known as
the AutoPilot and it could be considered the device’s
brain.
III. A REAL CASE: EXTREMADURA AGROTECH
This section presents a motivating case that will drive the
explanation of the model instantiations presented in this work.
This case is derived from a real project proposed in the region
of Extremadura, in Spain. Extremadura is one of the regions
with lower industrialization degree in the country. By contrast,
its economical model is mainly based on the exploitation
of natural resources, namely cattle industry, agriculture and
rural tourism. The government of the region developed a
strategy that encourages the use of new technologies not only
to improve the performance of these natural resources, but
also to preserve them6. This project was called Extremadura
AgroTech7 and one of its priority lines was the use of UAVs
for sustainability purposes.
To foster this priority line, the administration launched an
open call for ideas and projects for using UAVs in areas such
as (we focus on a limited set of them for the sake of brevity):
• Early detection of fires;
• Early detection of plagues;
• Distribution of pesticides;
• Detection of robberies at fields;
• Measurement of different kind of environmental indexes
(e.g., pollution, pollen, acoustic, illumination);
• Animal behaviour control (e.g., bird routes, births);
• Water irrigation decisions.
Note that some of these projects would, obviously, provide
important benefits for sustainability in the region. However,
6Research and Innovation Strategy for Specialization in Extremadura,
http://one.gobex.es/docs/Estrategia RIS3 Extremadura.pdf
7FabLab AgroTech Extremadura, http://fablab.cenatic.es/
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how could these benefits be measured? What would be the
impact of deploying all these projects on sustainability? Next
section shows how the use of modeling techniques could
help to specify not only this impact but also the potential
limitations of the solutions. Note that, for instance, these
devices are strongly limited by the strict aerial regulations that
they must fulfil so that an analysis of these applications should
be performed to ensure their utilization.
IV. A MODEL FOR SUSTAINABILITY USING UAVS
This section presents a requirements model used to specify
the relation between the UAVs applications presented in
previous section and sustainability. The model has been
built as a new instantiation of the metamodel introduced in
Section 2.2. In particular, as the authors describe in [10], this
metamodel allows building not only product-specific instances
but also company or organization-specific ones. In our case,
the instantiation presented in this work belongs to the latter
category since it models the sustainability policy for a big
organization interested in introducing UAVs in their processes.
As it is explained in [10], the instantiation of the metamodel
for companies consists of two different steps: i) the analysis
phase and ii) the application and assessment phase. While the
former refers to the process of making concrete the definition
of sustainability in the company context, the latter implies
the execution of the selected activities and their assessment in
terms of checking whether they are working. In this paper we
mainly focus on the first activity as a key step to achieve the
second one.
To perform the analysis phase, a goal oriented model has
been built where the generic goal model presented in [10]
has been tailored to the particular context of UAVs. To this
purpose, we followed the substeps proposed by the authors: 1)
for each dimension, we instantiated the generic values, paying
special attention to potential conflicts among them (e.g.,
contradictory goals); 2) activities to implement those goals are
proposed together with indicators that allow approximating the
achievement for each goal; 3) once activities and indicators
are defined, the influence of the activities on the indicators is
analyzed to determine their positive or negative impact.
Note that the <Dimension> metaclass included in
the metamodel allows specifying the five dimensions of
sustainability previously mentioned. The following subsections
present the environmental, economic, technical and social
model dimensions. The individual model dimensions is not
presented for the sake of brevity.
A. Environmental sustainability supported by UAVs
Fig. 3 shows an excerpt of the model built for the
environmental dimension. The model has been built in
three layers [10]: dimensions (top layer), values, indicators
and regulations (middle layer), and activities (lower layer).
Moreover, since the authors also provided a generic
instantiation of the metamodel, some of the entities included
in this instantiation could be reused in the instantiation for
other products or companies. For example, the <Value>
entities “Reduce energy consumption” and “Conservation of
biodiversity” have been reused from the generic instance
introduced in [10]. Similarly, some of the new entities included
in the model presented here could be easily reused in other
processes. It is worth mention that, although not explicitly
mentioned in the name of the <Activity> entities defined in
our model, those activities are all related to UAVs so that they
would be performed by using these devices.
Based on the model shown in Fig. 3, the managers of
the organization may observe the impact of using drones
in the traditional (or new) processes that the organization
performs. For instance, the “Fly region with thermal cameras”
activity will be carried out by drones equipped with those
kind of cameras that will perform programmed flights in
particular regions of the forests where fires represent a
potential risk. The early detection of these fires would reduce
the areas of burnt forests so that this activity contributes to
the achievement of the “Reduce fire areas” value. Moreover,
since the traditional mechanisms that the organization uses
to this purpose are based on supervising these areas by 4x4
vehicles, the reduction in the energy consumed to perform
this task will be also considerable, since the used UAVs
may be supported just by batteries. This is why that activity
influences positively on the “Energy bill” indicator. The
rest of activities also influence (positively or negatively) in
this indicator since, on the one hand, the use of UAVs
may imply a reduction of energy consumption when they
are used to replace traditional vehicles; and, on the other
hand, they may lead to an extra energy consumption when
they support new processes. Similarly, the “Detect dry
zones and humidity” activity supports the indicator “Water
consumption” since the irrigation of fields may be dynamically
adapted to the climatic conditions. The “Energy bill” and
“Water consumption” indicators contributes to achieve the
“Reduce energy consumption” and “Reduce natural resources
consumption” values, respectively.
The model also shows some regulations that may hinder the
achievement of some of the goals. We used the <Regulation>
metaclass to represent these limitations. As an example,
observe that the “Reduce pollution” value is supported by
three different regulations. Since detecting pollution may
include flights over populated areas (to measure some pollution
indexes), this value is restricted by the requirements that a
drone must fulfil to fly over a populated area (according to
the local regulations for our motivating case). By contrast,
the activities related to flights over forest or sown field may
be autonomously carried out (being previously programmed).
Thus, these activities are restricted by the “Avoid populated
area” regulation, otherwise, these flights would require a pilot.
B. Economic sustainability supported by UAVs
Part of the model for the economic dimension is presented
in Fig. 4. This model shows the impact of using drones in
the processes but, in this case, related to financial issues. Note
that some entities may appear in several dimensions since, for
instance, they may influence the environment but also provide
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Fig. 3. Environmental dimension in the Sustainability model
financial benefits, e.g. the “Fly regions with thermal cameras”
activity or the “Water bill” and “Energy bill” indicators.
As it may be observed in Fig. 4, there are several activities
performed by drones that influence on some indicators that
contribute to achieve financial values. As an example, the
“Detect dry zones and humidity” activity influences on the
“Water bill” due to the important amount of water that may
be saved when irrigation is dynamically adapted. This saving
in water is obviously translated into a corresponding saving
in money. However, it is worth mention that the activities
performed by drones also influence on some indicators that
imply an increase in the costs for the organization. This is
the case of “Cost of UAVs licenses and pilots” and “Cost of
UAVs and maintenance” indicators. These indicators reflect
new costs that the organization must afford and, thus, they help
to approximate the “Evaluate cost of new processes” value. In
that sense, a trade off analysis among the financial benefits
and costs should be performed to evaluate the global impact
of these new processes on the economy of the organization.
Observe also that the “Fly through populated areas”
regulation shown in Fig. 4 also supports the indicator related
to the costs of licenses and pilots since the local regulation
(from Spain) establishes that a fly through a populated area
must be always supervised by a licensed pilot.
C. Technical sustainability involved in the use of UAVs
The technical dimension of sustainability fosters technology
that may be easily adapted to future changes so that its
long-term use is guaranteed. Obviously, from a software
engineering perspective, the achievement of this goal is
clearly related to well-known quality indicators that influence
this long-term use of a software product, e.g. adaptability,
flexibility, maintainability or reusability. Thus, technical
sustainability in the UAVs domain is also related to enhancing
these quality characteristics in the software products built to
control the devices and, also, in the construction of the own
devices (e.g. reusing pieces or generating low cost ones). Fig.
5 shows a fragment of the model built for specifying technical
sustainability for our motivating example.
It is worth remark that an important activity to ensure
a long-term usage of software is the implementation of
adaptive software (also claimed in [12], [27]). Observe that,
in our example, the “Building adaptive software” activity
influences some of the indicators shown in the model. For
instance, software that may be easily adapted to changes
in the aerial regulations would help to maintain technical
sustainability in the organization. Even, these adaptations
could be automatically applied by the own system that could
be self-adapted to the environment conditions like weather
changes or detection of obstacles (see sub-activities in Fig.
5).
D. Social sustainability supported by UAVs
The social dimension refers to all the activities that
improve the values associated to a society in terms of
solidarity, equality, well-being, etc. There are several domains
where UAVs are being currently used that foster these
social values, mainly related to medical support, security, or
entertainment. However, there are also other social values
that may be jeopardized by the use of these new devices.
As an example, since these devices are being used, in many
cases, for recording images, an obvious problem of privacy
may arise from this context. Fig. 6 shows an excerpt of the
model built to represent the social sustainability dimension
in the context of UAVs. Note that there are four values
defined: ”Increase security”, ”Preserve privacy”, ”Provide
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Fig. 4. Economic dimension in the Sustainability model
Fig. 5. Technical dimension in the Sustainability model
entertainment” and ”Improve health services”. Observe that
while security, entertainment and health issues are clearly
benefited from the use of UAVs, the relationships among the
activities and the ”Preserve privacy” value have a negative
contribution, even, although some kind of flights may be
restricted by the regulation and they may be compulsorily
performed in non-populated areas.
E. Lessons learnt
Based on the experience of building the new instance of the
sustainability metamodel for the UAVs domain, we observed
some issues that limit the model expressivity. This section
discusses these issues and provides some suggestions that
could be considered to ease the process of building new
instances.
1) Positive and negative contributions: although the
process defined in [10] to build the models includes
a step to analyze whether the activities positively or
negatively influence the indicators, the relationships
defined in the metamodel do not allow to express
those contributions. For instance, note that this influence
may be positive, e.g. if a drone helps to reduce fuel
consumption, or negative, e.g. if the same drone leads
to other type of energy consumption or introduces
additional costs. As a different example, in the social
dimension, privacy issues may be clearly jeopardized by
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Fig. 6. Social dimension in the Sustainability model
the use of drones. In that sense, the inclusion of positive
and negative influences in the metamodel as different
relationships (or, at least, the inclusion of association
classes) would help to clarify the models built.
2) Trade off analysis: similarly to the previous issue,
we also found difficulties to measure the impact of
some activities on the general goal (sustainability) when
these activities enable opposite effects. For example, we
claimed that the use of drones may drastically reduce the
fuel consumed when these devices are used to replace
traditional vehicles. However, since drones usually rely
on batteries, their autonomy may be limited and, thus,
the number of drones needed to cover a big area may
be higher than the number of traditional vehicles. Also,
the problem of privacy could hinder the utilization of
drones in some contexts where other benefits could
be obtained, e.g. improving security. In these cases, a
trade off analysis should be performed to assess the
global impact of the new processes by evaluating both
the positive and negative contributions. Indeed, although
positive and negative contributions were represented in
the model, the information needed to perform such a
trade off analysis would not be included. The use of
weights or measures in the indicators could contribute
to partially solve this situation.
3) Regulations: although the metamodel allows expressing
how the regulations affect indicators and values, we also
observed that some regulations may directly influence
activities. In our case, this makes sense since aerial
regulations may limit the applicability of concrete
activities. Thus, the inclusion of a relationship between
Regulation and Activity metaclasses would aim at
representing those situations. Moreover, we also detected
that a regulation not always supports a value, it may also
restrict it.
4) Values: although the metamodel includes a
self-relationship for the value metaclass (called
“subvalue”), we also identified the need for expressing
that a value “contributes” to the achievement of other
values. Observe, for instance, that “Reduction of fire
areas” value (in Fig. 3) also contributes to achieve
other values, such as “Conservation of biodiversity” or
“Reduce natural resources consumption”.
V. RELATED WORK
Some existing works provide mechanisms and frameworks
to model sustainability concepts in software engineering [28],
[10], [22], [11], [29], [30], [12]. Penzenstadler and Femmer
[28], [10] introduced a metamodel used to instantiate generic
models for sustainability (this work was described in Section
2.2). Similarly, Naumann et al. proposed a framework to help
developers implement sustainable web pages [22]. Cabot et
al. provide an example of how to model sustainability goals
for the organization of a conference by using i* models [11].
This work was extended in [29] to cope with environmental
sustainability by using goal modeling techniques.
The work in [30] also proposed the use of goal oriented
models but focusing on specific requirements related to time
cost. Combemale et al. also highlighted the importance of
models for sustainability in software development [12]. In
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particular, they claim that engineering models should be
complemented with scientific ones as a way to not only build
a sustainable product but also to understand the influence
between the various dimensions of sustainability and balance
the trade-offs among them.
Unlike all the above approaches, the work presented in
this paper focuses on providing a new instantiation of a
sustainability model for a concrete domain whose applications
are usually related to sustainability. Note that most of
these approaches (including ours) consider sustainability at
a high abstraction level (modeling) and at an early stage of
development (requirements). The importance of considering
sustainability from the very beginning of the development
was also highlighted in [13]. In that sense, the work in [27]
presented a survey of the current works on requirements
and sustainability by using some demonstrative examples
to show how the different requirements activities may be
performed from a sustainability perspective. In this work, the
authors claim that while the generic sustainability metamodel
described in [10] should be instantiated when sustainability
is considered a major purpose of the system, the utilization
of an overall goal model and a reference to a sustainability
sub-model is more suitable when sustainability is treated as
another objective of the system. In our case, we instantiated the
metamodel since our main purpose was to evaluate the impact
of new processes on sustainability, in contrast to other works
that have also dealt with sustainability at the requirements level
but as another non-functional requirement in the system [31],
[32].
Software sustainability has been also treated from a quality
perspective. Indeed, there are some works that have extended
traditional quality frameworks (like ISO/IEC 25000) with new
concepts related to sustainability [33] or that have analyzed the
relationship between sustainability concerns and other quality
requirements [34], [35], especially security [36]. In that sense,
the model for sustainability presented here may help to specify
the relations among drones and sustainability but also the
security restrictions imposed by local regulations.
VI. CONCLUSIONS
This paper presented a new instantiation of a generic
sustainability metamodel for the context of UAVs. This
instantiation allows to model different processes based on the
utilization of UAVs that may be included in an organization
obtaining, thus, innovative benefits with respect to traditional
processes. This instantiation could be used by the managers
of the organization to approximate the impact of incorporating
these technologies and their degree of benefits with respect
to different sustainability dimensions. Moreover, the model
not only allows modeling those benefits but also specifying
the limitations, for instance, due to strict aerial regulations.
Finally, some suggestions to complete the metamodel were
also provided.
In the near future, we plan to extend the metamodel
introduced in [10] to address the issues identified (e.g.
specifying conflicts or positive and negative relationships) for
the UAVs domain and incorporate new concepts related to
adaptability. Similarly, we plan to provide a reusable catalogue
of sustainability concepts supported by drones. Finally, our
plan is to provide an approach and supporting tool to identify
interactions and conflicts to manage the delicate balance
among the various sustainability dimensions.
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